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Abstract 



PROBLEM TO BE SOLVED: To provide a lead-free solder which ensures the productivity and the thermal fatigue 
resistance characteristic as a substitute of a solder containing lead, and is favorably influential on the global environment, 
and contains no lead, and electronic substrates, household electric appliances, and a soldering device using the lead-free 
solder. 

SOLUTION: The lead-free solder having the composition consisting of, by weight, 0.1-1.5% Bi, 2.0-3.0% Ag, 0.1-1 .0% Cu, 
and the balance Sn is used for the electronic substrates, pipes and the household electric appliances. 
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ID) £45. -^bT, «S da^yrf, IH5iC2 2T* 

fc* (2 1A> 2 IB, 2 1C, 2 ID) (Cj; t> WtSftilJ: 
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0l±A/*5f+tt3ix$o ---C. Wffli/vl&tJ K2 3A 
J:«9i*a$*tSjB— »Sj5ltr±A//£2 1A. 2 1BI4, ± 

IBSSftS. ®-^»iA/fc*2 1A, 2 IB 

i*, sa?L (*a^-#— /woo ©fcaastEfcifcrL-rtt* 

[0 0 5 0] ^UT, t?t«A.fd^ F2 3 B £ 9«fttU 
^SlR-c^S^ISA,^ 1C, 21 D«. ^StSl 

ot, l^^*t***jfiW3i«tor>»fr J WBl?L C* 10 
/v— /ugfl) ©^TWOWiW^y^^^Sgteco 

mm#-< K2 3A*«rt**af« s ft<*s— ««ie 

[0 0 5 1] r^-C, 07 4:fflV^»-«>*BlB4^i: 

it 5 JB-co« 4^ t SB- ©PW»4A//f <o» a^mtt 

T, 3m.<DMM 1 ~3Ufe©ffi?ffi 4 t H*SS«BHilBI— ««RF 20 
[0 0 5 2] EK^tiV^T. 1 1*®?^/— yvS^fclX 

9, 1 l«St5ll^{j-e>tbfca:il?L 

SB) , 4ttJStfc 3 yr>lWm o »< 5M«?tt 

Kcm : fa5p o p4CDb 0 ^g|55Sr#AUT, gtSlWWMM 
1011 9 ^n-(4A//£#it^«^i:*T'SK)-C(aA/fc# 
»tUfcWKT?fc«. 2«^co7°y ^HB^^— >T? 30 
fc 9 . *^gBiPp4 coif A£*V5»E 1 WiEffitti 1 0 0 *\ 

[0 0 5 3] ddT?, 3f±Stgllc«Xf£#it^nfctt 
A/fc"T*fc «? . iflWflS^ 3 At T{iJ<07 -fU?/ hlF|3# 3 B 

icfcUlftfc&ivcva. J(M*>«*B4>W£2 1A, 21 
B -&tmc±iStm& 3 Air JBS7L 1 1 <0§P# * 

U IB-0»^l^fc2 1 C, 2 1 D-CtiTffiilW^^ 1/ 
y hSftft 3 B ^iffiE(i^:{Cj5gJK-r 5 «t 5 fdH3E£4vCV * 40 
5„ 3 ~T\ "fftcflAyT&tf-l' K 2 3 A i = >"<T 6 t <D 

tmtz 5 ~ 2 o mnmfflz.&fertu-£&. < mwm<mm 

7 — 8 mxnWMzWtfe LTV ^„ 
[0 0 5 4] ©«tetttt//E2 1A, 2 1 

B £ Jgrx^tfMXfc 21C, 2 1 Dtffl^UftV 5 
(7DTOli^c2 1 A. 2 1 B ir^-cont^ttA^fc* 
2 1C, 2 lDCDffl|!gte5 0mm)ikkWt^^>Xo\z\\Z.X 
V ^ 0 3. CO X 0 5 0 mmRJJSimii. n 

coMa/vfc (2 IB t 2 1 C) iSSBSUfciJTiWa 
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[0 0 5 5] L^Lfcasfc, *5l^coMiSttA/^f*^f 
m v {iA,fc*J: o fcftHfco* 3 oiceaG*< te5fc», *— 

conftifftl^fc 2 1 A. 2 1 B i: ^-cOPftjj&iA^c 2 1 
C, 2 1 DODraH&fctt-r^S t^-C0"g«t^fc2 1 

a. 2 1 B^teAstzttimn^tzmwm—wmm; 

tz2 1 C, 2 1 DJC± 0 f^fc#{-t$tt5BlH-^^ 

[0 0 5 6] ^-p-T^t. |B-COBffiJffittA/fc2 1C, 2 
1 Dtli, IB— C0PSM(iA/fc*2 1 A, 2 1 B \ZXli/vtz 

f£2 1C, 2 l D hWS.\ t<n&mm*&<'tz>&M 

^*>D. KroyX/WB«*5fcAUfc>J, S^l 

[005 7] ^co^-fi. S8 (cSH-i 5 fc*TJt?t*ua* 

\ b 8 \ttw%<nw&v>%m 5 sr*r g 
\-r&m&m v ^tt/y^wtwe^** Lfcsijco+ft^^j^ 

5 filB-CORi»£|jX7£ 2 1 A, 2 1 B tm~ C^JftttA/ 
fc2 1 C, 2 1 DtfSTgfUft.fc 3 1-®— Oi!SijS(aA/fcf2 

1 A. 2 1 B tm—<^^m^Aytz2 1 C» 2 1 DdPfll^ 

[00 5 8] ' 3T\ ttej«?H3 5fi!B— ©iggitfiA/fc 

2 1 B t^— C0i!t«E«A,f£2 1 CriS=R£UfcV\fc 5fctfc 

f£2 1 B#H:X//SW2 0 fr^T Lfc^ fc®— C0«(iA, 
f* 2 1 C t ^± 5 (!B=©»aA,fc 2 

ic, 2 iDtc^fb^v^5^&«) t-IB— coig-Sttt 
/WiT2 l B^M-Ti 5 fcitLli, m—<omMt^tz2 l 
C, 2 lD»cJI»Sr*iJ;»i**v^fc»{)ttA/«#»««#tu 

[0 0 5 9] icoi5('ttS)9li3 5 4rK!»t5r.i:tcJ: 
oT, IB-C0'SMttAyfc2 1 A, 2 1 B t|g-cOHSi5{c(i 
A;t*2 1 C, 2 1 DCOPsflPIS: 5 0mmfo5V^{±5 0mm 
± l 9t/h$< (5 0mm£rF) 1"-5 3 i: 5 0 Lfc 
iOSoT. ©*}55tttA,/t*2 1A. 2\B\Z.X\S.k,im 

JK«*ekAUfc*), ^glSr«S*i-S3V-<T6C0S^ 
3*S5riS< Ufc9 UT*«Sf 53K**Sjfe< 

[006 0] 60PtgfEf±A/^2 1 A, 2 1 B fcfB 

— W«aflE«y^f£2 1C, 2 1 D<OfSM%: 5 0 rami 9 t> 
/h$ < i"5 3 1 tJST-^ -SCOT*, {iAyfcftttcOp a nR?:?6» 




13 

iJSoT, «3S=*;* h©±#, £M&(om : $:W<Z.ktf 
&<&T£-tf:Sr i ft < fttStfeSriRLhS-frS r. £ 

So 

[00 6 1] .L.T.TV 3 6 ri^-eOifiSftttA/*: 2 1 D<7> 

^K2 3B iCafctt fe tWtiS $1—5 mmigro^ K 10 
T"&S„ 'roi 5 icpsatta^c^ K2 3Bi:^ K3 

«Sft^*«ffiK (^RlW«B^Srr5tP^wi!gSS« 

y y s/ i^s-e# 5 r. t #ft < ft 19 . {Bftt&offii' ^tt/Wd 
ttttsg#»b*LSO 

[0 0 6 2] **SiC0^T-|i, QimtAjl&M K*S2 
o (2 3 A, 2 3B) (D^^LOVvCf&WLfcaS, Rftgft 
ttM&M KttMffiftfcoT t> J: < , -t«5 5 *><^>ft< 
£ tWrt- 2. 2 otfXKjfctf'f KIHJIZ-H* LfcttSD 5 H£ 20 

»ScD^^il-C-Ift0JUfc«&H±A,f£ICfiffl-r 

n«, *#&ttA/fc*i <o i>M&&m< fts r t mg&rs 

So 

[0 0 6 3] ^SS©^i6. 09ra3@ft<W$i86S*t- 

■cfcSo * fc, 0 1 0 &m 9 uawnfi-teov v-c * 30 

S„ Jttftttifctt y 7 n — fiA/tff+tt Lfc«te:?Kfc* h i-* 
0i±S*^ h is**ft\5-Z>w$k<OGiF PSPD D a rot°v§ptK 

So 

[0064] 0[C*3l vr, 1 liSBfgri^*— >Wfl£>? 
fttt & lixfcfflR. 4 0 «m^FlFI3D 0 pT'fe 9 rd i: x. fcf Q F P 
gPp D n , 3 0 tiifHBfp 4 0 CD^&fp-CfcS tVgP, 2 0 0 40 

tty 7p- tt^£#(t^tLfcti^-r-fcSo 

>"£P 3 0 SrSffi 1 flO*¥ffifc« u 4 5 m<D&g-&&fre 
3lo5S9, Sffil, ^fS'^— {^/cfcSi/^t 0 >- 

fSo 

[0 0 6 5] 01Ofc*Ufc§lo»9 3lgl|g* 

14, ^SP^M&ISA/Td* (ilfroA) kmf&$StiAs 

5lo35*)t^S*T$>S. f&g^ M^^H**ffi«W, 1 50 
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5 0tt'100hrf,l 50tt'5 0 0hrtCML 

rm\ ^•n j en^>7°/v#:i ofiroiiigsufcirtco?^ 
r t, . h wmv&s. t lxu 

ffiLTVS. 

[0066] El 1 0 9 ^W©*S»f±Artr 

1 k E f £UKO§lo5S93tSSr^UT*5«3, 

fc^ts^-s^o^tfmbnftv \, ^<D^t \w&& 

46t#x.bnS 0 Lfc^oT, ^Bjro^SScoff^lt? 
UiBJ Lfc*l#&l4A/m, «Sr&*ftw b 

us 2 nmmmemm 5 -esi^ Lfcm^st5i4, 
[006 73 mM<Dmm7. biii, 12, i3«±su£ 

WJKffi 7 Sr^-nnr-fc 9, Hll ftifit^m?:^ L 
fc7c-ft~ hH, 11 1 2 J^fiffrott^W-ft^Sa* 

uwtfafcftoittMia, mi 3tt«&ufcE« ! »^ias: 

T, STliaEtfSWK^T'y^ ST2(4iSl^'9^7 i 
-y ^ S T 3 Jiia^WttA/fc^ft^OK*^' 5 fl>£teAy 
7-dWt^FS^Mi-S ^777", S T 4 ttfttfJOX^X -> 
ST5liHg n n a*^f5'7' 1 ST 614^^ 
i^fi/T 1 , ST7(i#a:Ui:^d1&^7 L 5'7 p , ST 

8{-i^m.^y u yyxh^o mfc, iai 2tc*ji/ nt, 

A, BliSoSftSBE^ 5 lf±*{4^6 0m%Wfr 
Z&Bm, 5 2, SSdSfi^A, BSHftR*FlRllclB53St- 
%=2^~<T(Da— 7—, 5 4 JiiBt A, B jjsf&Brr* J; 
5 (C^ 7 ^^i-SSai 5 ^ 7 ^7°gp, 5 5 ft if 

iiA/fc-CfcSo 
[0 0 6 8] 011, iai2fC*3V^-C, 2^COSco^ft 
SS^1000~3000 mmOS^COIBWA, B Sr?- 

?aSJW±(CiDl^bfc^, ST2ICT2*dBfA, BSr 
^7V7lS|J5 4t!lJ:9***-&*#6o— 7—5 2, 5 
3 ±-C«*TSaS 9 , ST 6 1' T«ff<0««iBJ=e(r«>il6 
•JiSSirP^S-e^JS* 0. 3~ 2. 0mm©W<7 
9 y ^ ^ Sr^m Lfc^ttA/fc* 6 0 Sr^&M^J: 9 Uft 
dSfelgfc^^Xta^/^f+ft SrfT V « 2*ft*l4^« 6 1 

XST3 <D\tfutmtf^&M%7- 7- y -7\ZX, l4A/fdW 
W6«imits T 7 (CT#i£UiA/fd£fi&i£ 
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[0 0 6 9] ^<om. ltA,ftttVV&&£niZ&Efgt3j& 

mm (tt 1 7L\-m 1 3 bfc a 5 ttTMMKj&sft 

ST5CT«!d d d (fci:^(4^/S») (Co— #it 

ft fc'^j; 0 ss^w 0 hi 3 \-m& uzsm®&&* 

V N "C 11 0(i^«5*fti:'co®D D D. 1 0 2fi-B4©tt(-f 
AnxSrlfeSttfcElfS^ft, 1 0 3{4^iK*(««^ft 

t'\cmmi^^th^smm. io4i33K&afts§ _ e*>5- s 10 

*S&&iB 10 2 liffiim 1 0 3 ^gS&ggft if ©ftWf- 

[oo7oi Effw&fe mjf£o^mmtM& <m 

£ fttf »DXX*STI±y^£tttxt b < tt»£|fffi*WHP0> 
lEVSrti/^fcl- <fc 9 ^-t-S^KSBTfotUi HMH^ 

^tt^ciimp^-c-t.ftvv *fc, SE i i : tt2*-e 

fcSttJU&jfc F>ftV ^ £ f4&S< s 3 *T 1 4 ^T'fclSlfc*: 
[00 7 1] 

[«WOS»»] *58ll<OW3««l©«Wttv B i ^5 0. 
1~1. 5fi*%, Ar/452. 0~3. 0fi&%, Cu 
tf*0. 1~1. 0fiS%STJ^FP^SnT?*>SJ:9«-ffi 30 

[0 0 7 2] :**93<0iWW 2 SH6^2 1 0 

~ 2 2 0lCT*fo5 i 5 Cd LfcOT?, {4A.f£#it^<^Pn a n 

3 0~4 5MPa N #TJ%*3 0~6 0%T:fc5J; plcb 
[0074] *^^Wff *«4 C93£8f?l:i, sf *JI 1 

*r uft v ^fc&gisi $tit h&RxFE<vi&<n%rmon<D 



^^20 02-11593 
16 

[0075] ^0J<D|t*3S 5 <D&WtX bT>«BSr*r 
5m^p n nSrifj®^^BtIiEt°>-^5 a rf®l-§^l±l-r5J: ? 

mm< ft5<osrw»jT?t **?*KS:«wr?£ s„ 

[0076] *3SW©|»3*3«6«>»WH:. fl*#3U*fc 

p>niHKLfci4Ay^*i : &ftrr5xaa i tiS'e# y 
[0077] ^mm<Dm^m 1 <r%&m.. 1 

i^IBW£r^LfcBa^^p D D£ffi£fcror-, IHtAK 
[0078] «KOf|*«8 O^PJtt, l±Ayfc C0^@4 

tB^roiawa^s^-^tLTffM^tisia^^-p^t. * 

fllAfcro-e. »Sr^* ft i* UsS^iBWS^^iS* S *t 
dlfc^ »OXttSr-fSfifUfcm^^fc'{rj;t?^-S*tfc 

[0079] ^^SWrottsR^OOlSWtt, (4A/fc-©?$^ 

t', isafc©iEflp©««!»f-#3f&5n. Bi^o. i~ 

1. 5MS%, Ar#2. 0~3. 0*fi%, Cu*S 
0. 1-1. 0U%StJ«JiSnffc5M©SJ 
«A//f i: . *tt©^WW4A/«asffiiW-5 =. t i- <£ 9 m^c 

[0080] ^BJWfS*^ 1 0 O^B^tt, B i # 0 . 
1~1. 5M%> Ak^2. 0~3. 0SS%, Cu 
#0. 1~1. 0m*%S:t^Ml5^Sn-efo5m v {4A/ 

[0 0 8 1 1 *3PJWfj!*JSl 1 <7>^B^|^ x tSUZ^ 

5 t^^nfc^K^^rti-iS^I-S^aiSS^x ^ 
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BizJSO. 1~1. 5fiS%, Ag#2. 0~ 1 
3. OMS%, CuiSO. 1 — 1. on%so«fia 5 

[0082] #3S3W>»*3S 1 2 *ggrtlC^ 

[oo83] immnmxm 1 3 ©ssehu Bftt&ixm, 

xTyzfb. ^m^vy^^^WiU Bijjso. 1 

~i. 5**%. AR&2. o~3. om&%. cua* 

0. 1~1. OfiS%STJ^S|5iSSnTf*>«.*4ftW^& 
[0 084] #?KlJ30>tt#iS 1 4 ©^©WXfSttttiS 

[H®rofBSW«elftW]. 

[01] *ft&v>mkc}BM 1 **et*i»M:A/E £ t£ 
£*vrv \-Zfv1£<nffcfris £.x&m*£rf Bit?*) 

[m 2 ] ttA/£0H&6s o m*mm-tzjm*m uyg 
•e*>4. * 



[03] ^(fec0JK^2^*i-®tg{cS^H5D a D&(4^ 
fltj- Lfc«-T-3BtE<oWfffiBlt?*>So 

[@4] mm<mm 3 £?H-*t0;:fl;^-gPn D p£ wlmst 
[05] mmmm 4 &^-r 7 a — &/vtc.tt\r%iW.<D 
[06] mrnmm 5 sr^-r s sbta^f+ttsaisrffl 

[0 7 ] *>v— ^vgi5Sr^5S*Rtr*3»t5^— © 

[0 8 ] if^m<nw&mm 5 £*-r £ ■bttA/£ttt? 

[09] ggftaflgflg 6 *m-t V -7 a -tt/utdtttf L-tz 

[0io] @9i^ LfcW3gtH-srm v i4A,7c b mm 
[011] ^jficoff^ 7 ^-riaws^xs^* ufc 
[012] mm<mm 7 &sh** ©^£fl-»t#«fc 

[013] LitEWS^ftSrft&'SB.'H-rt-fclWIB 

1 2 m&oyv^hWBM/*?—^ 3 

fc, 3 A ±f«S|5^ 3B TiilSP^ 4 WHfcft, 
5. 5 1, 5 2. 5 3 tVgB. 6 = >"<T, 11 
JTilTL 2 0 ttAdSf. 2 1 PftSfBiAd* 2 1 A. 

2 1 b <c*teftttA/^ 2ic, 2 id m~<vm 

ffitfiA/fc, 2 2 t— £\ 23, 23 A, 23B Rffift 
\ZM£U4 F, 2 4 2 5, 2 6 

yy^h^— V, 3 0 evSB, 3 5 tfct509^, 

3 6 M F,- 4 0 «^F15p p p, 4 1 *3KHk 4 2 . 

4 3 n— 7— , 44 ^^>-7°gP, 4 5 JP^gp, 6 
0*{±A/fc\ 6 1 (4A//t*#(tbfc^(D{4A,fd\ 100 

jEBKBI, 101 WSCM. 102 fifftt^A, 10 
3 BBSf«, 104 ffiefidftSS, HO J&JWDfciM) 
, 200 ttAyfc*. 300 *y7. 
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B 2 3 K 3/00 3 1 0 
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F2 5D 19/00 5 1 0 
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